©Int. CI. 



C 22 
B 22 



C 
F 



C 22 C 



C 23 
H 01 
H 01 



38/00 
1/00 
1/02 
3/14 
32/00 
38/00 
8/14 
3/10 
1/24 



OWE* 

3 0 4 

U 
F 
D 

3 0 3 T 



7047-4K 
7803 -4 K 
7803-4 K 
7803-4K 
7047-4K 
6813-4K 
8116-4K 
9059-5 G 
7371 -5E 



® ft # &, m £ « 
¥4-202645 

H ¥fi£4¥(1992)7fl23B 



®ft 85 ¥2-335929 

@ih m ¥2(1990)llfl29B 













@2fe 


w # 


# ± 




^Rwnicm^nwooe** 


©IS 






m 


ARjffnKmA^Fmioo6#ife 


@ffe 




IT £ 


£ - 




@ai 


m a 






*BRwnjcm*^njiioo6»* 




a a 







m m m 

1 . r w © « w 

^ j a > # «y K##&t;*©S!/i£;£7£ 

(1) ifi^t? (SfSl©0J©) *<iS$£0cJ& 
7t/l/77^ift«*^tt«»llll (3&2<D0lS) 

(2) * 1 ©ftRtfFe&a&JKSffl&^fr^fc 0 > 

£fi£##Fe&<3 7 * ;U 7 r * Utt 

(3) « 1 0«Jlt'* * ?tJh£&®fttiL=Ff$.#<P 
K N Co. P . Cr. ti\<D o *>'J>K< t t>-mM±® 

(4) <»!©•«) *<Sfcfc&^ 

jnt«9, ffisese i <z>&®<&£®*<> 

ffltt* flc# + fc* Co, P x Cu Hi© ? < i 



£fi£#J&<Ft&©7*^:7TX©iKfc&»J££J&i& 

(5) % 1 CD&g-Cfc * FeS^&tfffltfc^&tf* 
lc. Ca, P, Cr. HiO?fta>tt<ife — ■H±05c* 
Cu7C*^0. 20-0. 5 
5mS%. P5c**<0. 06-0. 15S«%> 
C r juf i<0. 30-1. 25111 N i tL% 

3. KWopiBttKn 



-289- 



^l*7MJ7^HTt7 ^ -/ ? * 3£ £ # ffc 
VL&ttt Liz fo©j&<ffl^ y> tlX £ tz 0 :ti^* 

O *o 



R&^SfittTfiJt^**^ Cn, P . Cr, N i © 9 t=> 
# K x * IS H£ <s ^ y 3 > # h # # © ® & 

tttt. ^is^ffle^ *<®«k^^ 
fiDita^nr^st; h # # £ » it 

«tt?-fiR# + K:> Co. P . Cu H\<0 5 < t 

TfcSFeS^&^ffltt^fiR^*!;:, Cu.P.Cr.Ni© 



&RI¥ 4-202645 (2) 
^ fc * y n > # s> ? h «**^ £ ^ 9 R 

So 



Cu (0. 20wlX — 0. 55wtX). P(0. 06wtX — 0. 15wtX). Cr ( 
0. 30wtX — L 2 5 w t X) > Hi (0. 5wiK K±> ©faSST 

[(*«] 

IBISES < t t>. HSKlcttfS* t £ ic 
Lie < a i> v hBfiitKi^-e* 

So 

tfZ. % 1 «Dtt«*<Fefc«D*M*«e*fr b tt 
y 3 > Z> y h fl&tt#ti. »£££ftofcFt&7 



-290- 



tfz. & 1 ©ftft* S Fe&^&Sfitt^JS*! 
Co. P , Cr. Hi© 9 S4>tt < £ fe-«El± 

*IC, Co, P, Cr. Hi CD o *> 'J> K < t fc-IIJa±0 7C 
**ffl*$**»*<^ Cu (0. 2QwtX~0. 5 5 w t X) . P (0 
. 06wtX~0. ISttX). Cr (0. 3 Of tX ^ 1. 25wiX) > Hi {0 

. 5ftxa±J v>mmx-$> * t n o 

* t ^ « St K J: n . ^^tcgJjf2^-> , ^>^^'y 



»B¥ 4-202845 (3) 
T4 LTFe»*||*lBii**ffl^*«*tt* 



So 

**IIIlCi5HT* 6^tft?l^ Fe-Si, Fe-Si-AI 
. Fe-Si-AI-Hi, Fe-Mi, Fe-AI*©«tt(**ffl 5 i . 

> ^ y h if 6 tlZo 

*m*R<Oi-J a >#Vv bttnu. £fi£$7*<7 
*;U77X©«<fcttT**S®*3S2<rj«jS. & 



h ±TH t LUo Fe£fi&&##4> 

H#0l<!: L T fcU «*tfFe-AI Fe-Ni £ 

Fe-Si Fe-Si-AI&&&. Fe-Si-AI 

-Hi Fe-Ni-Mo££&3?*<$M:f b ft* 0 

&jsttttfr c^ae*^, xiKs**) 

B <h L T A I, Si |©^S^|Jlf^n5o 

&. Fe-Si-AI *^&*fflOfc«^ICO^TM(*W 
* & 91 f * o 

R^Sint^io *c-eAi*f&g<bLA:T-/ n 

V*. AI-0*©|*{bfe8J££. Altt* /im) 



-291- 



£ffiicff2li£ l*o C<D&«tt<*£ 5 0 0 [kg/af! "V 

uderjcHlt. Ar*sio T-ei 

5SPn1500 [kg/arfj 0E^t^»; h^UXL> 

K («*t«K9 8~99X ) + J *>#*v httfti: 

ft Cf «mffitali> d = 2. 67 (g/cni 3 ). P =1. 5x 10 6 
[ Gem] tK-otto InlCAItt* (tt£2 #c 

m ) &® lcAr#x3?B»T C p 0 = = 1 OOOppm ) . 
7 0 0 °C. 5 «rB*«S*?f « ^> BffHtllS 
(<5=187oni) <D|ft«B*J05Jc L fc»* H « © * * 

tg(*cD^Sfid = 2. 6Hg/cni 3 ] TlitfBCi^l* 

h'-^IS^n^o^/:©!^^ & # T* li A 
1 2 0 3 \zttfctZ®Vr£-?#mmZtltZo Z 

rat, 6 0 0 v<D&mtt$n&&-vt± a i 2 o 3 a<£ 
t ©fflBSMffi** L fc 0 

C©:>-V3>#^-y h 81 & t* # © £ 
P = 1 0 ' 1 — 10° ( Qcm) V&Ztzti. 2 

<D n M33T * o tZo 

lcMi*<4flX* * nt^ £ C £ft£K 6 0 0 t . 10» 
IHT tt Fefc© «ffc «* #tt fifbt * »= tt* + »ttfi 

JtR« 1 

II^EPoj = IOOppo© T ;u =/ > # x£ffi3\ 
( y/^MM 2 0 0 cc/Bio)TT', S5KMliH-o8 

<*K*tLT9oo 3 *nB»*a*ff ttl^ AI-0 

+ « W*+tt"B©fc*a** 
«L/:o C©£&*0#*5OOikg/cin 2 ) TflDElfc 
SLt, «l!<**ttK** Ar* 8 0 0 "C 2 ^^10 
00 [kj/arf) ©E^T** > 7 U X L> SffiS 
(*§*t?BK98~99X ) ^ 3 > # ^ ? 



4-202815 (4) 
TSSa^LTFeRcaftBfcaPtfaci 

lie 

EIT\ Fe3R©«&©SI««fc-3l*TR«-f *o 
HI&0I2 

*%.<P&W5LT > 6 0 0 °C. 10»Pa1*»a*fTtt 

IS^A<Sfi% («*wtX iEt) ttTFe-Si-AI-H 
i=87:6:4: 3© ( t 2 5 0 > y > a £ £ » # * 

¥^©S^20^m) &®K^f£Lfco C©£&# 
#£500 [kg/of] TtnEUEfflLT, J«S!<**ftS 
A r 43 8 0 0 VT2 1 0 0 0 [kg/of] OE^T 
h^UXL. EfEK (*9*tfc«98~99X ) + 



mm v ©JB«ttttfftt«r3B 1 Hie* Lfco -tit> 
c^l^iu^ c©^yn>*^-yhifc&fcm 

©afaittCUi 10~ 3 ~ 10" 2 ( Q cm) £ flS^flfct/LT 

B©/h*<.> (1 am) [5] CI&fiE© *&#©** LT, 

it 3* £ * £ < L^^XI0lll?«rtfciC>?>. 
OA 1 2 0 3 T?*5Cii<*B* tifco 

(Jk«ai) <fcOFe-0*£ 



-292- 



nmm z 

afl^UDTcf iltP 0. If tX. Cr 0. 4ftX £E 
fc£ /t*BJi£*fiftK (ElfcwtX iEt) ifCFe 
-Si-AI-Ni = 87:6:<:3<D£*:t#»* (f 2 5 0 ^ v > * a 
¥^tft&tt3G;K m ) £rtft + »H»TH 60 
0 ll»H»»a*fftt^ % Fe-0*£f£#<>:^ 

* 5 0 0 [k*/co 2 ) TflDEfi£2[LT> foWfttftm 
8U Ar*800 tT! ^ W 1 0 0 0 [kg/co 2 ] ©E* 

■c** h^l/^L^ mmm. («*t&«98-99x ) 

»i:ftt'tt#^f^ H«ttlMHxT^ = 1 5 7 7 <Dffl£ 
L fi G fc«&flD7r**£W-f 5 c t K *) £® 



T«, Co., Mi, ICO^Tfc, P, CftBI«tt»**< 

» s $ n o 

&flQ7C*(i, Co, Hi. P, Cr(Drt--8&l±T% *» 

2 0 ▼ t % -0. 55X. P CO ia ^ 0 . 06wtX -0. ISflX, Cr 
tOiS&tfO. 30tt X - I. 25ft X, NiCD«£*<0. 5f tX# 
± <D ic . fti:i«t7*;l/7rXOi{tftOIR 

Cu, Hi. p. cti><$i tir fc£ £ ntt < «fc fc. f^mo 



fflM¥ 4-2022fi45 (5) 
l*»EPo 2 =ioooppm ©7;u=r >#xs?@i 

SIT. 5 »R8-eFe* * - y v h t L T X /* y 9 'J 
wtX JtraSc*<Hi:Fe = 7». 5:21. 5 <DFc-N 

i:*ttts 5O0[ki/crfJ TflnffJ?£i>LT. 
*f*K«, Ar + 8 0 0 °CX~2 ^ W 1 0 0 0 [kg/cnf] O 
E»"C*» hyt/XL. Cffi^f ffiK 98 — 99 

X ) ry3>^^ M»tt«»*flEBLfco 

JtROfc*^ P O.lflX.Cf 0.4wtX£££ 
*CAH***fcfi|i;aJ«<OFe-lli £&<z>b*#&j 

ftoii<Z)Fe-0%®&«H£J£tt L. B«<D*-y h 7 

W*o*tt(*©«»afi:*Jl:«-rs<i:«!#^<p 

= 1 0 ^ 2 — 1 0 " 1 [ QcmJ , ^^^<p= 10 1 -10 2 



^tir^i § ic*lltt?-n±*<i2i*tttt4- -5 :ic 
-&K<b£-ti-*C<hfCi:-3T. * y a > sfl „ h «■ 

So 

4 . Bffi<Z>ffi«ttH9i 
* 1 Htt*JBI8©Jll6W 2 . 3£JtRWllc» 

# s *■ y 3 > # ^ 9 hfitttt«^^afitt^<h^zs» 
y htttttt^«cafflTt 6aa¥i»aa©jR« 



-293- 



«fi3¥'l-202K15 (6) 




-294- 



Partial Translation of 
JP 04-202645 A (Cited Reference 1) 



1. Title of Invention 

Nanocomposite material and production thereof 

2. Claims 

(1) A nanocomposite material, comprising a high- 
density compacted metal matrix phase particle (a first 
substance) and a thin film layer (a second substance) 
covering the surface of the first substance, wherein the 
thin film layer comprises an amorphous oxide as a main 
ingredient . 

(2) A nanocomposite material according to claim 1, 
wherein the first substance is composed pf a Fe-based metal 
matrix phase particle, and the second substance comprises a 
Fe-based amorphous oxide as a main ingredient. 

(3) A nanocomposite material according to claim 1, 
wherein at least one element selected from the group 
consisting of Cu, P, Cr, and Ni is included in Fe-based 
alloy matrix phase particle ingredients which are the first 
substance. 

(4) A method for preparing a nanocomposite material 
comprising a high-density compacted metal matrix phase 
particle (a first substance) and a thin film layer (a 
second substance) covering the surface of the first 
substance, wherein the thin film layer comprises an 
amorphous oxide as a main ingredient, comprising the steps 
of 

forming a Fe-based amorphous oxide thin film which is 
a second substance by allowing at least one element 
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selected from the group consisting of Cu, P, Cr and Ni to 
enter into solid solution in Fe-based matrix phase particle 
ingredients which are a first substance and oxidizing the 
surface of the matrix phase particle, and 

sintering the matrix phase particle. 

(5) A method for preparing a nanocomposite material 
according to claim 4, wherein at least one element selected 
from the group consisting of 0.20 to 0.55 percent by weight 
of Cu element, 0.06 to 0.15 percent by weight of P element, 
0.30 to 1.25 percent by weight of Cr element, and not less 
than 0.5 percent by weight of Ni element is allowed to 
enter into solid solution in Fe-based matrix phase particle 
ingredients which are a first substance. 



In the present invention, when a magnetic material, 
such as Fe-Si, Fe-Si-Al, Fe-Si-Al-Ni, Fe-Ni, and Fe-Al, is 
used for an alloy particle, a nanocomposite magnetic 
material having a high magnetic permeability also in a high 
frequency zone is obtained. 

Furthermore, the nanocomposite magnetic material has a 
corrosion proof effect due to a Fe-based amorphous oxide 
thin film having a weather resistance. 

Moreover, an electric insulator nanocomposite material 
having the characteristic feature of Al or Si, with a thin 
oxide film having a thickness of nm orders, is obtained 
when a simple substance metal, such as Al or Si, is used 
for a metal matrix phase particle, the particle is covered 
with a thin film of amorphous oxide with Al-0 or Si-0 base, 
respectively, and thereafter the particles are sintered. 



- 2 - 



A nanocomposite material according to the present 
invention is a sintered body having a structure that a 
first substance is covered with a second substance, the 
first substance being a metal matrix phase particle, and 
the second substance being a thin layer comprising an 
amorphous oxide as a main ingredient. 

When the first substance is a magnetic material, among 
various magnetic metals, a Fe-based magnetic material 
having a high magnetic permeability and a high saturation 
magnetic flux density is preferable for obtaining a 
nanocomposite magnetic material which is the purpose of the 
present invention. Examples of a Fe-based magnetic 
material include a Fe-Al-based alloy, a Fe-Ni-based alloy, 
a Fe-Si-based alloy, a Fe-Si-Al-based alloy, a Fe-Si-Al-Ni- 
based alloy, a Fe-Ni-Mo-based alloy. 

Moreover, when aiming at obtaining an insulator 
nanocomposite material having metallic properties (high 
thermal conductivity, high thermal expansivity, etc.), 
examples of the first substance include metals such as Al 
and Si. 

Examples using Al, a Fe-Ni-based alloy or a Fe-Si-Al- 
based alloy as a first substance are typically explained 
below. 

Example 1 

An insulating material having a high thermal 
conductivity is desired as a board material. Then, the 
following experiment was conducted for the purpose of 
obtaining a nanocomposite material comprising Al converted 
into an insulator. 

Al powder having a particle diameter of 2 micrometers 
was heat-treated at 600 degrees centigrade for 60 hours in 
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the atmospheric air, and an Al-O-based oxide insulation 
film was formed on the surface of the Al powder. This 
metal powder was molded under pressure of 500 kg/cm 2 to 
prepare a molded body, which was hot-pressed under pressure 
of 500 kg/cm 2 in Ar at 600 degrees centigrade for 1 hour to 
prepare a high-density nanocomposite material having a 
relative density of 98 to 99 I. The thickness 8 of this 
insulator film was 182 nanometers from the increased value 
of the particle diameter and weight. The density d of the 
obtained sintered body was 2.67 g/cm 3 , and the electric 
resistance p was 1.5xl0 6 Qcm. On the other hand, the same 
Al powder having a particle diameter of 2 micrometers was 
heat-treated at 700 degrees centigrade for 5 hours in the 
ambient atmosphere of Ar gas (Po 2 =1000 ppm) , and an 
insulation film having almost the same thickness (8=187 
nanometers) was formed on the surface of the Al powder, and 
thereafter the powder was hot-pressed in the similar manner 
to obtain a high-density sintered body. The density d of 
this sintered body was 2.64 g/cm 3 , which was almost the 
same, but the electric resistance p was 2.3 Qcm, which 
showed that an electric insulation was not obtained. Then, 
the crystal structures of both the insulation films were 
investigated by X-ray. While no diffraction peak was 
observed in the former, a diffraction peak corresponding to 
A1 2 0 3 was observed in the latter. This shows that a film 
preparation temperature of 600 degrees centigrade is not 
enough to crystallize A1 2 0 3 . This showed that an amorphous 
film is better as a film for maintaining a high electric 
resistance than a crystalline film. 

When using an amorphous oxide as a second substance, a 
Fe-based oxide film can be used to maintain a high electric 
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resistance most effectively. 



Moreover, as for an added element made to enter into 
solid solution in a matrix phase metal particle, it is 
confirmed that Cu and Ni have the same effect as P and Cr. 

When the added element is one or more elements 
selected from the group consisting of Cu, Ni, P and Cr, the 
effect of the present invention is obtained. Particularly, 
when the added amount is 0.20 to 0.55 percent by weight of 
Cu, 0.06 to 0.15 percent by weight of P, 0.30 to 1.25 
percent by weight of Cr, or not less than 0.5 percent by 
weight of Ni, a very dense amorphous oxide film was 
obtained. Moreover, the same effect was obtained even if 
Cu, Ni, P or Cr is not contained in a Fe-0 amorphous 
insulating layer. 
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